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(g) Method for preparing anode for solid oxide fuel ceils. 

<S7) A method of manufacturing an anode for solid oxkte fuel cells is disclosed whereby the dispersion of 
nickel particles which form the anode for the solid oxide fuel cell is ensured, coherence of the Ni or NiO 
particles when being annealed or when generating electricity is prevented, the adhesion of the anode to 
the solid electrolyte layer is good, the contact resistance is reduced, and the electrode performance is 
improved. 

To form an anode on one surface of the central solid electrolyte layer, first Ni or NiO, and a solution of 
an organornetallic complex salt in an organic solvent, from which is obtained thin-films or minute 
particles of a solid electrolyte by thermal decomposition, are blended, and the solvent is evaporated 
until a suitable viscosity is obtained. The slurry obtained in this manner is coated onto the central solid 
electrolyte layer and this coated film is then dried, annealed, and thermally decomposed to obtain an 
NiO-sdid-electrolyte or an Ni-solid-electrolyte cermet 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

5 The present invention relates to a method of manufacturing an anode for a solid oxide fuel cell. 

2. Description of the Prior Art 

Recently, considerable attention has been focused on the fuel cell as an energy source, not only from the 

10 viewpoint of conservation of resources, but also that of the effect on the environment The solid electrolyte type 
of fuel cell in principle has a high electric generating efficiency because of the high operating temperatures of 
800° to 1000°C in the fuel cell, and because the materials of construction are all solid it has the advantage of 
ease in handling, so that progress is being made in the practical application of this device* FI6.1 shows a rough 
outline of the structure of a solid electrolyte fuel cell wherein the center is a solid electrolyte 1, on one surface 

15 of which a fuel electrode 2 (hereinafter referred to as "anode"), and on the other surface an air electrode 3 
(hereinafter referred to as "cathode") are formed. The anode 2 and the cathode 3 form a pair of interfac s 4 
and 5 respectively with the solid electrolyte, and are connected by an external circuit through a load 6. When 
a fuel gas such as hydrogen (hy, methane (CH 4 ), or the like is supplied to the anode 2, and an oxidizing agent 
such as air, oxygen (0 2 ), or the like is supplied to the cathode 3, an electromotive force is produced betw en 

20 the anode 2 and the cathode 3, and a current flows through the load 6 connected to the external circuit The 
following types of reactions occur at the interfaces 4 and 5 of the anode 2 and the cathode 3 respectively. 

Interface 4 : O 2 " + H 2 H 2 0 = 2e- 
Interface 5 : 0 2 + 2e- O*" 
In this type of solid oxide fuel cell it is known that the microstructure of the electrodes has a major influence 

25 on the cell performance. The effect of the microstructure of the anode 2 is particularly great Normally a cermet 
is used for the anode 2, and the technology for obtaining the optimum microstructure is extremely important 
A method for preparing the anode 2 is commonly known wherein generally an Ni-YSZ (yttria stabilized zir- 
conia) cermet or the like, Ni particles or NiO particles, and YSZ particles are mechanically blended, coated 
onto an electrolyte layer, and annealed. Problems occur with this technology because the Mi particles or NiO 

30 particles and YSZ particles are mechanically blended so that the dispersion of the Ni particles or NiO particles 
is poor. When the electrode is annealed or when generating electricity the Ni particles tend to cohere, with the 
result that the performance of the anode drops, and the adhesion of the anode to the electrolyte layer is poor. 
In addition, there is a tendency toward a large contact resistance and peeling of the electrode, so that the life 
span is shortened. 

35 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide, with due consideration to the drawbacks of such conven- 
tional electrodes, a method of preparing an anode for solid oxide fuel cells whereby the dispersion of nickel 

40 particles which form the anode for the solid oxide fuel cells is ensured, coherence of the Ni (or NiO) particles 
when being annealed or when generating electricity is prevented, the adhesion of the anode to the solid elec- 
trolyte layer is good, the contact resistance is reduced, and the electrode performance is improved. 

This object is achieved in the present invention by the provision of a thermal decomposition method for an 
organometallic compound, which is an oxide film-forming process. Specifically, in order to form a fuel electrode 

45 on one surface of the central solid electrolyte layer, first a metal such as Ni or the like or a metallic oxide powder 
such as NiO or the like is blended with a solution of an organometallic compound from which is obtained a film 
or minute particles of a solid electrolyte by thermal decomposition. The solvent is then evaporated off until a 
suitable viscosity is obtained. The slurry obtained by this process is coated onto the solid electrolyte layer and 
this coated film is then dried, annealed, and thermally decomposed to obtain a metal-solid electrolyte complex 

so cermet. Further, the solid electrolyte layer and the solid electrolyte grains in the electrode do not necessarily 
have to be made of the same elements. Also, the solid electrolyte powder may be added to the slurry. 

A finely controlled microstructure in which the metal, such as Ni, or the metal oxide, such as NiO, are sur- 
rounded by thin films or fin precipitates of lectrolyte causes the metal or metallic oxide particles to not cohere 
but be uniformly dispersed, and strengthens adhesion of the anode to the electrolyte. In addition, becaus f 

55 applying the thin-film forming process, which is a thermal decomposition of a metallic soap, to a fabrication of 
YSZ composition adjacent to the anode-electrolyte interface, the central solid electrolyte layer and the elec- 
trolyte grains in the anode are very strongly combined. For this reason, a microstructure is provided in which 
the electrolyte in the anod is grown from the surface of the central electrolyte, and the surface area of the 
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electrolyte layer is substantially increased. By adding the solid electrolyte powder to the slurry, control of the 
diam ter of the solid electrolyte particl s is simplified, and control of the microstructures is more precise. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 

These and other objects, features, and advantages of the present invention will become more apparent 
from the following description of the preferred embodiments taken in conjunction with the accompanying draw- 
ings, in which: 

FIG.1 shows a configuration of a single cell of a fuel cell of solid electrolyte. 
10 FIG.2 is a microscopic photograph showing the microstructure of an anode prepared by a first embodiment 

of the present invention. 

FIG.3 is a microscopic photograph showing the structure adjacent to the interface of an anode and the 
central solid electrolyte in a second embodiment of the present invention. 

FIG.4 is a graph showing a comparison of the electrical output characteristics of a single cell fuel cell using 
15 the anode prepared by the method of the present invention and a single cell using an anode prepared by a 
conventional method. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

20 The present invention will now be explained based on the following embodiments of the present invention. 

In the present invention it is possible to use a solid solution possessing oxygen ton conductivity in which 
several percent to several tens percent of a divalent or trivalent metal oxide, such as yttrium oxide (Y 2 0 3 ), cal- 
cium oxide (CaO) or the like is doped to a tetravalent metal oxide such as zirconium oxide (Zr0 2 ), as a solid 
electrolyte. 

25 A fatty acid salt, such as a naphthenic acid salt, an octyl acid salt, or the like, and acetyl acetonate can be 

used as an organometaliic compound. A solvent which can uniformly dissolve the metal compound used, such 
as toluene or acetyl acetone or a mixture of these solvents is used as an organic solvent 

The volume of Ni in the prepared cermet with respect to the total cermet body is in the 0.4 to 0.98 range. 
Commonly known methods such as slurry coating, screen printing, and the like can be used in coating the 
30 blended slurry onto the central solid electrolyte layer. 

An embodiment of an anode of the present invention using the above-mentioned material will now be ex- 
plained. 

[ Embodiment 1 ] 

35 

An NiO powder with an average particle diameter of 7 nm was blended with a toluene, acetyl acetone sol- 
ution of zirconium octylate ((RC0 2 ) 4 Zr, where R = C 7 H 15 ) and yttrium octylate ((RCO^Y, where R = C^H^) (for 
which the composition corresponds to the stoichiometry of 8 mol% Y 2 0 3 - 92 mol% 2r0 2 after thermal decom- 
position) to give, after thermal decomposition, a ratio of NiO : YS2 of 0.947 : 0.053 by weight After the solvent 
40 was evaporated off to a suitable viscosity, the resulting solution was screen-printed onto a central solid elec- 
trolyte (YSZ) plate. This material was then dried at 100° to 200°C, thermally decomposed at 300° to 500°C, 
and annealed at 1450°C. 

As a result a microstructure shown in the photograph of FIG.2, in which YSZ particles of an average di- 
ameter of 1 jim or less were uniformly deposited on the surface of NiO grains and electrolyte (YSZ), was ob- 
45 tained. The performance of the anode was good and a reduction in polarization was observed. The power den- 
sity of the single cell was also improved. 

t Embodiment 2 ] 

so An NiO powder with an average particle diameter of 0.9 urn was blended with the toluene, acetyl acetone 

solution of zirconium octylate and yttrium octylate used in the f irst embodiment then processed in the same 
manner as in the first embodiment. As a result, as shown in the photograph of FIG.3, an anode microstructure 
in which the circumference of each NiO grain was covered with a YSZ film was obtained. It can be readily un- 
derstood from the photograph that the bond at the interface between this anode and the solid electrode (YSZ) 

55 plate is extremely secure. Therefore, both the contact resistance and the polarization of the formed anode are 
small, and a wide improvement was observed in the power density of the single cells. 
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[ Embodiment 3 ] 

An NiO powder with an average particle diameter of 0.9 urn was blended with a toluene, acetyl acetone 
solution of cerium (Ce) octylate and yttrium octylate (adjusted so that after thermal decomposition a compose 

5 tion of Ce0 2 doped with 10 mol% of Y 2 O a was obtained) to give, after thermal decomposition, a ratio of NiO : 
(CeO doped with Y 2 0 3 ) of 0.947 : 0.053 by weight. After the solvent was evaporated off to a suitable viscosity, 
the resulting solution was screen-printed onto a central solid electrolyte (YS2) plate. This material was then 
thermally decomposed and annealed at the same temperature profiles as in the first and second embodiments. 
Even when the electrolyte in the electrode is changed from Zr0 2 doped with Y 2 0 3 (first and second n> 

10 bodiments) to CeO z doped with Y 2 0 3 (third embodiment), it can be understood that when this method is used 
an extremely good electrode is obtained. The electrode shows the same degree of performance with resp ct 
to contact resistance and polarization as in the second embodiment. 

ZrC 2 doped with 3 mol% Y 2 0 3 is used as the central solid electrolyte; LaSrMn0 3 (lanthanum manganite 
doped with strontium) is used as the cathode material, and the cermet obtained from this invention (embodiment 

15 2 used as the fuel electrode. Cell performance was tested for a single cell (a) for which the anode was pre- 
p -?d by the conventional method of simply blending the materials, and for a single cell (b) for which the anode 
was prepared by the method of the second embodiment, under the following conditions. The results of a com- 
parison of output voltages and output power are given in FIG.4. 

(1) Flows on fuel electrode side 
20 Hydrogen flow : 1000 SCCM 

Nitrogen flow : 500 SCCM 

(2) Air electrode flow 
Airflow : 2000 SCCM 

(3) Temperature 1000°C 

25 (4) Effective electrode area : 21 cm 2 

In comparing the two cells it is seen that the cell prepared by the method of the present invention is far 
superior in both voltage and power to the conventionally manufactured cell. 

In the present invention, materials other than those described above which can be used as the organome- 
tallic compound include metallic fatty acid salts such as octyl acid salt, naphthenic acid salt,«neodecanoic acid 
30 salt, ethylhexanoic acid salt, propionic acid salt, stearic acid salt, and the like, and acetyl acetonate complexes. 
In addition, in place of Ni or NiO particles, at least one type of metallic particle such as Co, Fe and their alloys 
can be used. 

(1) Reduction of contact resistance between electrode and electrolyte 

35 

As a result of the present invention, an anode is obtained of a structure in which a thin-film or minute par- 
ticles of an electrolyte are uniformly deposited on the surface of Ni or NiO grains and on the surface of a central 
solid electrolyte so that the Ni or NiO grains do not cohere but are uniformly dispersed. In addition, becaus 
the thermal decomposition of a metallic soap, which is a film-forming process, is applied to the YSZ compose 
40 tion, the bond between the central solid electrolyte and the electrolyte in the anode is extremely strong at a 
position adjacent to the interface, and is integrally formed. For this reason, the structure is such that the elec- 
trolyte in the anode grows from the surface of the central solid electrolyte and the surface area of the electrolyte 
layer is substantially increased. As a result, a microstructure is obtained in which the point of contact between 
the Ni particles and the electrolyte layer is large so that the electrode has a small contact resistance. 

45 

(2) Reduction of polarization 

As described in (1), the central electrolyte and the Ni or NiO are uniformly dispersed and the electrolyte 
particles and electrolyte layer in the cermet are strongly bonded at the interface. Therefore the surface area 
50 of the electrolyte layer in the microstructure is increased. Specifically, an ideal electrode microstructure is ob- 
tained in which the length of the three-layer interface between the Ni adjacent to the interface and the electrolyte 
and the gaseous phase is very great, so that polarization from the anode is extremely small. 

(3) Increase in adhesion strength between the central electrolyte and the electrode 

55 

As described in (1 ). because the central electrolyte and the electrolyte layer of the anode are strongly bond- 
ed, the adhesion strength between the electrolyte layer and the electrode is very great, and the Ni particles 
are uniformly distributed. The electrolyte thin-films or the minute particles cover the circumference of th Ni 
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grains so that there is no cohesion between like particles of Ni t and there is little tendency for the electrode to 
peel. As a result, the iectrode has a long life expectancy. 



Claims 

1. A method of preparing an anode for a fuel cell of solid electrolyte comprising: 

coating a blended slurry of a powder of a metal or a metal oxide and an organometailic compound 
which can produce thin-films or fine particles of the solid electrolyte by thermal decomposition, onto the 
surface of a central solid electrolyte layer of the fuel cell; 

drying and thermally decomposing said slurry, and 

annealing the thus-prepared anode so that electrolyte thin-films or fine particles are uniformly dis- 
tributed on the surface of the grains of metal or metal oxide and on the surface of the solid electrolyte 
layer. 

2. The manufacturing method according to claim 1 wherein the organometailic compound is one of, or a com- 
bination of, octyl acid salt naphthenic acid salt, neodecanoic acid salt ethylhexanoic acid salt propionic 
acid salt, stearic acid salt and acetylacetonato complex. 

3. The manufacturing method according to claim 1 or 2 wherein solid electrolyte powder is added to said 
blended slurry. 
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(5?) Method for preparing anode for solid oxide fuel cells. 



(57) A method of manufacturing an anode for 
solid oxide fuel cells is disclosed whereby the 
dispersion of nickel particles which form the 
anode for the solid oxide fuel cell is ensured, 
coherence of the Ni or NiO particles when being 
annealed or when generating electricity is pre- 
vented, the adhesion of the anode to the solid 
electrolyte layer is gocfd, the contact resistance 
is reduced, and the electrode performance is 
improved. 

To form an anode (2) on one surface of the 
central solid electrolyte layer (1), first Ni or NiO, 
and a solution of an organometailic complex 
salt in an organic solvent, from which is 
obtained thin-films or minute particles of a solid 
electrolyte by thermal decomposition, are blen- 
ded, and the solvent is evaporated until a suit- 
able viscosity is obtained. The slurry obtained in 
this manner is coated onto the central solid 
electrolyte layer and this coated film is then 
dried, annealed, and thermally decomposed to 
obtain an NiO- solid-electrolyte or an Ni-solid- 
electrolyte cermet 
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